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INTRODUCTION 


The  Intelligent  Time  Clock  (ITC)  was  developed  as  a  cost-effective 
alternative  for  conventional  time  clocks  with  the  added  capability  of 
operating  as  a  stand-alone  Energy  Management  and  Control  System  (EMCS) 
device  as  well  as  expanding  to  become  an  integral  part  of  a  base-wide 
control  network.  The  ITC  has  the  capability  to  monitor  actual  environ¬ 
mental  conditions  and  to  use  this  data  to  determine  which  control  function 
to  perform.  Such  a  device  meets  the  specialized  requirements  of  many 
Navy  buildings  for  the  present  as  well  as  for  the  future. 

The  prototype  ITCs  were  developed  on  a  contract.  This  report 
describes  the  development  of  the  ITCs,  their  capabilities  and  performance. 


BACKGROUND 

As  a  result  of  the  energy  crisis  of  1973,  energy  conservation 
targets  were  established  for  Navy  shore  activities.  To  meet  these 
targets,  many  large  activities  are  considering  installation  of  computer¬ 
ized  energy  monitoring  and  control  systems  (EMCS)  for  their  promise  of 
long-term  energy  controls  with  limited  manpower  resources.  The  main 
disadvantage  is  the  high  initial  cost  of  these  systems. 

Considerable  work  in  the  area  of  large  scale  EMCS  has  been  done, 
leading  to  the  development  of  the  Inter  Agency  Guide  Specifications  for 
EMCS.  However,  on  a  lesser  scale,  smaller  activities  where  a  large  EMCS 
would  not  be  economically  feasible,  have  had  to  look  elsewhere  to  achieve 
their  conservation  goals.  In  this  area,  such  devices  as  electromechanical 
time  clocks  or  demand  and  cycling  controllers  have  been  applied.  If 
properly  maintained,  conventional  time  clocks  and  controllers  provide 
energy  savings,  but  all  too  often  these  controls  malfunction  or  lose 
their  effectiveness  due  to  tampering  or  by  setting  them  for  worst  case 
conditions  to  eliminate  complaints.  In  addition,  many  of  these  devices 
are  not  designed  to  be  expanded  or  integrated  into  a  larger  EMCS,  if  one 
is  to  be  instituted  at  a  later  date. 

Having  identified  a  need  for  such  a  device,  the  Civil  Engineering 
Laboratory  initiated  a  development  program  in  FY-77  and  a  contract  was 
awarded  for  the  development  of  two  ITCs.  These  microprocessor  based 
ITCs  would  provide  energy  efficient  control  of  HVAC  equipment  while 
maintaining  the  building's  temperature  within  predetermined  limits. 

They  would  have  the  "intelligence"  to  monitor  temperatures,  on/off 
status  of  equipment,  time  of  day,  day  of  week  and  would  optimally  start-up 
and  shut-down  the  HVAC  equipment  based  on  this  information. 


CURRENT  STATUS  OF  ITC 

The  ITC  is  alive  and  well  today,  despite  considerable  delays  in  its 
delivery  by  the  contractor.  Originally  scheduled  for  delivery  in  the 
spring  of  1978,  the  first  unit  was  shipped  to  CEL  in  early  1979,  almost 


a  year  behind  schedule.  The  delay  was  due  in  part  to  the  unavailability 
of  component  hardware  due  to  an  industry-wide  shortage  of  certain  integrated 
circuit  chips,  and  in  part  to  the  overcommitment  of  contractor  personnel 
to  other  projects.  Another  contributing  factor  was  the  decision  to 
provide  each  unit  with  an  ASCII  display,  a  feature  which  compounded  the 
problems  associated  with  software  development. 

In  evaluating  the  initial  ITC,  several  significant  errors  were 
discovered,  requiring  the  units  to  be  returned  to  the  manufacturers. 

The  contractor  completely  redid  the  software  and  after  "thorough  testing" 
shipped  the  units  to  CEL  in  April  of  1979.  The  units  failed  to  operate 
satisfactorily.  Several  months  passed  before  the  contractor  provided 
software  corrections,  and  by  late  summer,  the  ITC  was  "semi-intelligent." 
Unfortunately,  its  operation  was  now  excruciatingly  slow,  requiring 
almost  an  hour  to  input  the  25  control  parameters!  In  addition  several 
more  errors  were  detected  in  the  control  routine.  By  the  end  of  calender 
year  1979,  while  still  not  correcting  all  the  software  bugs,  the  contractor 
provided  upgraded  hardware  for  the  ITC's,  replacing  most  of  the  wire- 
wrapped  cards  with  printed  circuit  boards,  and  also  a  fairly  comprehensive 
though  outdated  software  listing.  At  this  time  too,  CEL,  with  the 
purchase  of  a  microprocessor  development  system,  acquired  the  capability 
to  develop  microprocessor  software.  Thus  it  was  decided,  with  the  ITCs 
almost  2  years  behind  schedule  and  still  mired  in  prolonged  delays  due 
to  software  bugs,  to  accept  delivery  of  the  units  and  to  complete  final 
software  modifications  in-house  at  CEL. 

By  April  1980,  after  extensive  software  debugging  and  rewriting  at 
CEL,  the  units  were  operational.  One  unit  was  installed  in  Bldg.  560  at 
the  Civil  Engineering  Laboratory,  Port  Hueneme,  California,  (Figure  1) 
to  control  the  steam-heating  system.  The  other  unit  is  scheduled  to  be 
installed  at  NWC  China  Lake,  CA. 

In  summary,  despite  the  prolonged  delays  and  the  less  than  exceptional 
performance  of  the  contractor,  the  ITCs  are  operational  and  have  demon¬ 
strated  that  significant  energy  savings  are  possible  with  intelligent 
control  devices. 

ITC  Features 


The  ITC  is  based  on  the  National  Semiconductor  SC/MP  microprocessor. 
It  has  the  capability  of  32  anolog  inputs  (for  temperature  sensing  or 
other  analog  signal  sensing) ,  64  digital  inputs  (for  sensing  on/off 
conditions),  and  can  control  16  loads.  The  ITC  has  a  real-time  clock,  a 
calendar,  and  a  day-of-week  counter,  which  allows  it  to  automatically 
recognize  weekends. 

Holidays  can  be  set  from  the  front  panel.  The  ITC  will  enter  the 
holiday  mode  at  midnight  for  the  number  of  days  specified,  and  will 
automatically  revert  to  its  normal  schedule  upon  expiration  of  the 
holiday  period. 

For  operation  during  normally  off  hours,  a  manual  override  for  up 
to  1  hr  is  provided. 

A  programmable  low-temperature  override  prevents  interior  tempera¬ 
tures  from  dropping  below  some  interior  temperature  limit  (ITL)  to 
protect  pipes  from  freezing. 

The  ITC  utilizes  linear  thermistors  to  sense  temperatures.  To 
minimize  effects  of  spurious  fluctuations  in  the  sensor  readings,  ITC 


measures  tach  sensor  at  5  discrete  times  and  then  averages  these  readings 
to  determine  the  channel  temperature  for  each  sensor,  the  5  min  average 
temperature. 

The  ITC  can  be  programmed  to  monitor  up  to  5  zones,  with  each  zone 

being  assigned  up  to  a  maximum  of  6  temperature  sensors.  For  each  zone, 

the  ITC  calculates  a  15  min  space-weighted  average  temperature.  This  is 
done  by  assigning  a  weight  factor  to  each  sensor.  The  ITC  then  incorporates 
the  weights  in  determining  the  zonal  15  min-space-weighted  temperature. 

Thus  zonal  decisions  are  based  on  a  time  average  as  well  as  a  space-weighted 

average.  In  most  applications  then,  temperature  sensors  in  colder  areas 

can  be  weighed  proportionally  higher  in  heating  applications,  while 
warmer  areas  can  be  weighed  to  have  greater  influence  in  cooling  applications. 

The  ITC  has  the  capability  of  communications  over  phone  lines  via 
an  auto-answer/auto-call  modem.  Communications  is  in  ASCII  coding  at 
300  baud  rate.  The  ITC  also  has  a  printer  port  through  which  the  accumulated 
data  may  be  printed  out. 

In  addition  to  analog  and  digital  monitoring,  the  ITC  stores  a 
considerable  amount  of  data.  For  each  channel,  it  records  the  current 
5  min  average  temperature,  the  maximum  and  minimum  temperatures  and 
times  of  occurrence,  the  temperatures  at  start  of  work  (SOW)  and  at  close 
of  work  (COW),  and  the  zone  profile  for  the  past  24  hr.  The  ITC  monitors 
the  operation  of  the  equipment  it  controls,  recording  the  cumulative 
hours  of  operation  and  number  of  ON/OFF  transitions  of  the  equipment. 

This  information  may  be  printed  out  on  a  local  printer  or  transmitted 
via  phone  lines  and  can  be  useful  in  determining  building  performance. 

This  amount  of  information  may  not  be  required  for  all  situations. 

The  front  panel  provides  an  alphanumeric  display  for  local  readout 
of  input  and  output  parameters.  Toggle  and  push-button  switches  on  the 
front  panel  are  used  to  program  the  input  parameters.  Once  the  input 
function  is  selected,  the  ITC  prompts  the  operator  for  the  necessary 
information. 

Control  Algorithm 

The  optimized  start/stop  control  algorithm  is  accomplished  by 
sampling  interior  and  outside  air  temperature,  and  using  this  data  to 
determine  wher  the  HVAC  system  needs  to  be  on  or  off.  The  general 
control  algorithm  is  shown  in  Figure  2. 

To  determine  optimum  start-up  time,  ITC  looks  at  the  interior  zone 
temperatures  during  a  predefined  time  interval  between  ETO  (earliest 
turn  on)  and  LTO  (latest  turn  on).  If  the  zone  space-weighted  temperature 
is  above  the  upper  limit  or  below  the  lower  limit,  the  HVAC  is  turned 
on.  The  earlier  we  are  before  the  time  of  building  occupancy,  the  wider 
is  the  allowable  temperature  range.  The  actual  slope  of  the  upper-  and 
lower-temperature  limits,  which  will  be  a  function  of  the  particular 
building  and  HVAC  equipment,  essentially  being  dependent  on  how  long  it 
will  take  the  HVAC  equipment  to  change  the  interior  temperature  from 
some  given  temperature  to  meet  occupied  comfort  conditions,  is  defined 
by  two  times  (ETO  and  LTO)  and  four  temperatures  (THI,  TLI ,  THF  and 
TLF),  which  are  programmable. 

Outside  air  temperature  is  sensed  and  used  to  determine  the  optimum 
shutdown  time.  The  rate  at  which  the  building  will  lose  or  gain  beat  is 
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a  function  of  the  temperature  gradient  between  the  outside  environment 
and  the  interior  space.  With  small  temperature  gradients,  the  building's 
interior  temperature  should  not  change  rapidly,  and  thus  the  HVAC  can  be 
turned  off  earlier  in  the  day.  Conversely,  with  large  temperature 
gradients  (on  very  hot  or  very  cold  days)  the  HVAC  will  have  to  be  kept 
on  longer.  ITC  monitors  outside  air  temperature  and  uses  this  information 
to  determine  when  in  the  interval  between  ESD  (earliest  shutdown)  and 
LSD  (latest  shutdown)  to  turn  off  the  HVAC.  The  parameters  (OHI,  OLI, 

OHF,  OLF,  ESD  and  LSD)  are  programmable  from  the  front  panel. 

The  control  algorithm  provides  the  flexibility  of  handling  severe 
weather  conditions  as  well  as  mild  conditions,  accordingly  minimizing 
the  HVAC  equipment  operation  while  maintaining  the  required  temperature 
range  for  normal  working  hours. 

ITC  Hardware 


The  ITC  is  designed  around  the  National  Semiconductor  SC/MP  micro¬ 
processor,  a  rugged  but  extremely  limited  unit.  Due  to  its  limited 
features,  SC/MP  software  support  is  not  easily  available.  It  was  found 
during  debugging  that  development  of  machine  language  programs  for  the 
SC/MP  can  be  difficult  and  frustrating  due  to  its  limited  instruction 
set. 

The  ITC  has  three  memory  cards,  each  card  containing  10K  of  memory 
composed  of  8K  of  programmable  read  only  memory  (PROM)  and  2K  of  random 
access  memory  (RAM).  The  total  memory  can  be  expanded  with  additional 
memory  cards  available  only  from  the  contractor.  This  is  due  to  the 
unique  bus  structure  used  in  the  prototype  ITCs.  The  24K  PROM  space  is 
made  up  of  4K  for  the  RPL  interpreter  (a  BASIC-like  interpreter),  2K  for 
machine  language  subroutines,  and  18K  for  the  RPL  programs.  Of  the  18K 
of  RPL  program,  approximately  6K  are  programs  relating  to  the  ASCII 
display,  a  significant  memory  overhead  for  the  use  of  the  display.  Of 
the  6K  of  RAM,  less  than  4K  are  used  for  scratch  pad  and  parameter 
storage. 

The  overall  hardware  of  the  ITC  reflected  extremely  poor  quality 
control  on  the  part  of  the  contractor.  Although  both  ITCs  were  supposed 
to  be  identical,  several  cards  differed  from  one  unit  to  the  other,  and 
some  of  the  pc  cards  worked  in  one  unit  and  not  the  other.  Also  several 
boards  operated  in  one  position  of  the  back  plane  but  not  another  for  no 
apparent  reason.  The  difficulty  of  hardware  debugging,  which  also 
included  detecting  some  bad  IC  chips,  was  compounded  by  the  woeful  lack 
of  documentation.  An  underrated  power  supply  (rated  at  5v,  3a  but 
operating  at  4.5a)  which  caused  overheating  and  intermittent  failures 
was  another  frustrating  problem.  In  addition,  one  unit  did  not  have  a 
power  supply  for  its  ASCII  display.  The  ITC,  although  capable  of  handling 
32  analog  inputs,  64  digital  inputs  and  16  digital  controls,  had  connectors 
for  only  16  analog  inputs,  32  digital  inputs  and  8  digital  controls.  In 
spite  of  these  hardware  deficiencies  and  in  view  of  the  long  delays,  and 
problems  experienced,  we  were  indeed  fortunate  to  have  even  two  semi- 
operational  units. 
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ITC  Software 


The  ITC  operates  with  a  BASIC-like  interpreter,  a  feature  which 
greatly  simplified  software  development  and  debugging.  With  the  amount 
of  software,  debugging  would  have  been  nearly  impossible  if  it  was  in 
machine  language.  Documentation  on  the  software  was  poor,  however  the 
use  of  the  BASIC-like  interpreter  allowed  anyone  with  some  rudiments  of 
programming  experience  to  write  and  modify  control  routines  of  ITC.  The 
ITC  software  itself  was  awkward  in  structure,  owing  to  the  many  fixes 
required  to  correct  software  bugs.  To  help  alleviate  the  problem,  CEL 
completely  rewrote  many  of  the  control  subroutines. 

Although  awkward  in  structure,  the  software  reflects  the  basic 
concept  of  modular  software.  With  modular  software,  each  control  function 
is  contained  in  a  separate  module  or  subroutine.  Thus,  by  additions  of 
more  software  modules,  the  control  functions  of  the  ITC  can  be  augmented 
without  extensive  software  modifications. 

ITC  Field  Operation  and  Monitoring 

One  ITC  was  installed  on  28  April  1980  in  Building  560  at  the  Civil 
Engineering  Laboratory,  Port  Hueneme,  Ca  93043,  to  control  the  steam 
heating  system.  Eight  temperature  sensors  were  used,  seven  for  interior 
spaces  and  one  for  outside  air  temperature.  A  motorized  valve  in  the 
steam  line  is  controlled  based  on  the  space  weighted  average  interior 
temperature  and  outside  air  temperature.  The  installation  is  shown  in 
Figure  3.  The  ITC  replaced  a  mechanical  time  clock  which  was  set  to 
turn  on  the  steam  at  0530  and  off  at  1230  (seven  hours  each  day.) 

The  control  algorithm  that  was  programmed  in  at  CEL  is  shown  in 
Figure  4.  Since  CEL  has  only  a  heating  system,  no  cooling,  just  the 
lower  limit  of  temperature  was  implemented  with  the  upper  limits  set  at 
some  arbitrarily  high  values.  With  the  mild  climate  at  CEL  and  due  to 
the  particular  characteristics  of  Building  560,  LTO  and  ESD  were  defined 
to  be  the  same.  Thus  between  ET0  and  LTO,  the  ITC  will  monitor  interior 
temperatures  to  determine  when  the  heating  should  be  turned  on;  and 
between  ESD  and  LSD,  it  will  check  to  determine  when  to  turn  the  heat 
off.  If,  by  LTO,  the  heat  has  not  been  turned  on  (ITC  has  determined 
heating  is  not  required),  then  the  heating  system  will  be  off  for  the 
entire  day,  i.e.,  there  is  not  a  period  of  time  when  the  heating  is 
defined  as  being  "on"  as  with  the  general  control  algorithm  (Figure  2). 

In  3  weeks  (15  working  days)  of  operation,  the  ITC  turned  the  steam 
on  for  a  cumulative  time  of  25  hr,  30  min,  or  an  average  of  2  hr,  22  min 
per  day.  This  compares  favorably  with  the  7  hr  per  day  that  the  mechanical 
time  clock  would  have  turned  on  the  steam.  During  the  period,  the 
lowest  temperature  recorded  during  working  hours  was  67°. 

Also,  in  the  3  weeks  of  ITC  control,  the  amount  of  natural  gas 
usage  by  the  boiler  plant  at  the  CEL  complex,  decreased  on  the  average 
18.6%  as  compared  to  the  weekly  average  for  the  previous  2  months.  This 
decrease  is  directly  attributable  to  the  decrease  in  steam  load  due  to 
the  shutting  off  of  steam  to  Building  560.  It  should  be  noted  that 
maximum  savings  obtained  from  an  intelligent  control  device  would  occur 
in  the  spring  and  fall  when  climatic  conditions  are  not  severe.  Less 
savings  would  be  expected  during  the  cold  winter  months. 
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It  is  impossible  to  generalize  the  specific  amount  of  savings  that 
would  be  obtained  from  the  installation  of  an  ITC  in  any  particular 
buildings.  This  would  be  dependent  on  many  conditions  such  as  climate, 
building  characteristics,  HVAC  properties,  actual  control  performed, 
etc.  However,  the  programmable  nature  of  the  ITC  makes  it  flexible 
enough  for  use  in  a  wide  range  of  applications,  where  it  can  save  signif¬ 
icant  amounts  of  energy. 


CONCLUSIONS 

The  ITC  project  was  a  pioneer  effort  to  develop  a  low-cost,  fixed- 
algorithm,  "intelligent"  control  device  with  the  capability  of  stand-alone 
operation  as  well  as  operation  as  part  of  a  larger  control  network. 

Despite  the  problems  experienced  during  the  contract  in  getting  the 
prototypes  operational,  the  ITCs  are  operational  today,  and  have  demon¬ 
strated  that  significant  energy  savings  can  be  achieved  over  conventional 
control  units. 

Particular  amounts  of  savings  from  the  use  of  an  intelligent  control 
device  will  be  dependent  on  a  variety  of  factors  such  as  weather,  building 
and  HVAC  characteristics,  control  function  performed,  etc.  However,  the 
ITC  is  programmable  to  allow  use  in  a  wide  range  of  applications.  In 
addition,  it  provides  monitoring  and  data  acquisition  features  which 
allow  the  user  to  iteratively  determine  the  optimum  input  parameters  for 
any  particular  applications. 

During  field  evaluation  at  the  Civil  Engineering  Laboratory,  Port 
Hueneme,  CA  in  the  spring  of  1980,  the  ITC  provided  a  savings  of  18.6% 
in  natural  gas  usage  while  controlling  the  steam  heating  system.  This 
savings  was  achieved  over  the  performance  of  a  conventional  mechanical 
time  clock. 

An  intelligent  control  device  must  possess  certain  features  to 
perform  effectively  in  any  control  application.  It  must  have  a  real 
time  clock  to  do  time  of  day  control.  In  addition,  the  real  time  clock 
should  have  a  backup  power  capability  to  operate  during  power  outages. 
Analog  and  digital  input  capability  to  monitor  actual  conditions  such  as 
temperature,  on/off  status,  are  required  in  addition  to  digital  output 
control  capability  (to  turn  equipment  on  and/or  off).  The  device  must 
be  programmable,  to  allow  application  in  diverse  environments  and  situ¬ 
ations.  It  must  have  monitoring  and  data  acquisition  capability  to 
allow  optimizing  of  the  operation  of  the  device  in  any  particular  opera¬ 
tion.  Documentation  on  both  software  and  hardware  is  required,  which 
includes  software  listing  and  description,  memory  and  I/O  mapping,  and 
hardware  schematics.  For  added  flexibility  and  ease  of  software  modi¬ 
fication,  software  should  be  modular  in  nature. 

For  expansion  capability,  i.e.,  to  be  able  to  incorporate  the 
device  into  a  large-scale  system,  additional  features  are  desired.  The 
device  should  have  a  standard  interface  connection  such  as  RS-232, 
IEEE-488,  20  ma,  etc.,  to  be  able  to  communicate  with  other  devices.  It 
should  be  based  on  an  industry  standard  microprocessor  as  the  8080 
family,  Z-80  family,  6800  family  etc.,  such  that  software  support  may  be 
obtained  from  a  variety  of  sources.  Also,  for  ease  of  hardware  expansion, 
the  device  should  utilize  a  recognized  industry  standard  bus,  such  as 
the  Multi-bus,  S-100,  etc. 
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Intelligent  control  devices  such  as  the  Intelligent  Time  Clock  have 
demonstrated  significant  energy  savings  over  conventional  control  devices 
in  many  control  applications.  These  devices  are  the  forerunners  of 
single  building  EMCS.  Single  building  EMCS  are  being  developed  to 
effectively  control  single  buildings  or  clusters  of  buildings  with  the 
capability  of  being  incorporated  into  a  larger  EMCS  at  a  later  date. 


7 


BIBLIOGRAPHY 


1.  Civil  Engineering  Laboratory,  TDS  77-15:  Selecting  an  energy  management 
system,  by  Dr.  Roger  Staab,  Port  Hueneme,  Calif.,  Jul  1977. 

2.  _ .  TM  No.  M-62-77-06:  Selecting  an  energy  management 

system,  by  Dr.  Roger  Staab,  Port  Hueneme,  Calif.,  Feb  1977. 

3.  _ .  TM  No.  M-62-77-21:  Localized  energy  control  systems 

for  Navy  buildings,  by  Dr.  Roger  Staab,  Port  Hueneme,  Calif.,  Sep  1977. 

4.  _ .  TM  No.  M-62-78-13:  Microprocessor  timeclock  for  localized 

energy  control,  by  Dallas  Shiroma,  Dr.  Roger  Staab,  Port  Hueneme,  Calif., 

Sep  1978. 

5.  Staab,  R.  I.,  and  D.  Shiroma  (1978),  "Microprocessor  timeclock  for 
localized  energy  control,"  presented  at  5th  Annual  UMR-DNR  Conference 
and  Exposition  on  Energy,  University  of  Missouri-Rolla ,  Oct  10-12,  1978. 


8 


GENERAL  CONTROL  ALGORITHM 


LU 


3dfllVd3dlM31 


10 


Figure  2.  Optimized  start/stop  control  algorithm. 
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Figure  4.  Steam-heating  system  control  at  CEL. 
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Harbor  HI;  Code  SOSA  (II  Wheeler);  Code  h(l(i.  Great  lakes.  II  .  Code  Nil.  Oakland.  C'A:  Code  bid.  San 
Diego  Ca:  Code  7(H).  Great  l.akes.  II..  I  IJG  J  I  MeClaine.  Yokosuka.  Japan;  Ctililies  Officer.  Ciuani:  XC) 
(Code  20)  Oakland.  CA 
SPCC  PWC)  (Code  120)  Meehameshurg  PA 
I'VA  Smelser.  Knoxville,  lend 
NAF  PWC)  (Code  30)  Cl  Centro.  C'A 

US  MERCHANT  MARINE  ACADEMY  Kings  Point.  NY  (Reprint  Custodian) 

US  DERI  OF  COMMERCE  NOAA.  Paeifie  Marine  Center.  Seattle  WA 

US  GEOLOGICAL  SURVEY  Off.  Marine  Geology.  Piteleki.  Reston  VA 

USAF  Jack  S.  Spencer.  Washington.  DC 

USAF  REGIONAL  HOSPITAL  Fairchild  AFB,  WA 

USCG  (Ci-ECV)  Washington  De;  (Smith).  Washington.  DC 

USC'G  R&D  CENT  ER  D.  Motherway.  Groton  CT;  Tech.  Dir  Groton.  CT 

USDA  Forest  Products  Lab.  Madison  Wl;  Forest  Service.  Bowers.  Atlanta.  GA:  Forest  Service.  San  Dimas.  CA 
USNA  Ch  Mech.  Engr.  Dept  Annapolis  MD.  Energy-Environ  Study  Cirp.  Annapolis.  MD;  Cngr.  Div.  (C.  Wu) 
Annaplolis  MD:  Environ.  Prot.  R&D  Prog.  (J  Williams).  Annapolis  MD:  Ocean  Sys.  Eng  Dept  (Dr. 
Monnev)  Annapolis.  MD:  PWD  Engr.  Div.  (C.  Bradford)  Annapolis  MD;  PWC)  Annapolis  MD 
ARIZONA  State  Energy  Programs  Off. .  Phoenix  AZ 
AVALON  MUNICIPAL  HOSPIT  AL  Avalon.  CA 

BONNEVILLE  POWER  ADMIN  Portland  OR  (Energy  Consrv  Off.  D.  Davev) 

BROOKHAVEN  NATL  LAB  M.  Steinberg.  Upton  NY 
CALIFORNIA  STATE  UNIVERSITY  LONCi  BEACH.  CA  (C  IIEI  APATD 
COLUMBIA  PRESBYTERIAN  MED  CENTER  New  York.  NY 
CORNELL  UNIVERSITY  Ithaca  NY  (Serials  Dept.  Engr  l.ib.) 

DAMES  &  MOORE  LIBRARY  LOS  ANGELES.  CA 
FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton.  FL  (McAllister) 

FLORIDA  TECHNOLOGICAL  UNIVERSITY  ORLANDO.  FL  (HARTMAN) 

FOREST  INST.  FOR  OCEAN  &  MOUNTAIN  Carson  City  NV  (Studies  ■  Library) 

FUEL  &  ENERGY  OFFICE  CHARLESTON.  WV 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  <LT  R.  Johnson)  Atlanta.  GA 
HAWAII  STATE  DEPT  OF  PLAN  &  ECON  DEV.  Honolulu  HI  (Tech  Info  Or) 

INDIANA  ENERGY  OFFICE  Energy  Group.  Indianapolis.  IN 
WOODS  HOLE  OCEANOGRAPHIC  INST.  Woods  Hole  MA  (Winget) 

KEENE  STATE  COLLEGE  Keene  Nil  (Cunningham) 

LEHIGH  UNIVERSITY  BETHLEHEM.  PA  (MARINE  GEOTECHNIC  AL  LAB  .  RICHARDS):  Bethlehem 
PA  (Linderman  Lib  No. 30.  Flcekstciner) 

LOUISIANA  DIV  NATURAL  RESOURCES  &  ENERGY  Dept,  of  Conservation.  Baton  Rouge  LA 
MAINE  OFFICE  OF  ENERGY  RESOURC  ES  Augusta.  ME 
MICHIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton.  Ml  (Haas) 

MISSOURI  ENERGY  AGENCY  Jefferson  C  ity  MO 

MIT  Cambridge  MA  (Rm  HI-500.  Tech.  Reports.  Engr.  Lib  ):  Cambridge.  MA  (Harleman) 

MONTANA  ENERGY  OFFICE  Anderson.  Helena.  Ml 

NATL  AC  ADEMY  OF  ENG  ALEXANDRIA.  VA  (SEARLE.  JR  ) 

NEW  HAMPSHIRE  Concord.  NH.  (Governor's  Council  On  Energy) 

NEW  MEXICO  SOLAR  ENERGY  INST  Dr  Zwibcl  Las  (  races  NM 
NY  C  ITY  COMMUNITY  COLLEGE  BROOKI  YN.  NY  (LIBRARY) 

NYS  ENERGY  OFFICE  Library.  Albany  NY 
POLLUTION  ABATEMENT  ASSOC.  Graham 

PURDUE  UNIVERSITY  Lafayette.  IN  (Altschacffl);  Lafayette.  IN  (CE  Engr.  Lib) 

CONNECTICUT  Hartford  CT  (Dept  of  Plan  &  Energy  Policy) 

SCRIPPS  INSTITUTE  OF  OCEANOGRAPHY  LA  JOLLA.  CA  (ADAMSI 

SEATTLE  U  Prof  Schwacglcr  Seattle  WA 

ST  ANFORD  UNIVERSITY  Engr  Lib.  Stanford  CA 

STATE  UNIV.  OF  NEW  YORK  Fort  Schuyler.  NY  (l.ongobardi) 

TEXAS  A&M  UNIVERSITY  W  B  Ledbetter  College  Station.  IX 
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UNIVERSITY  OF  CALIFORNIA  DAVIS.  (  A  (CE  1)11*1.  TAYI.ORl;  Energy  Engineer.  Davis  (  A; 

LIVFRMOKF.  (  A  (I.AWRFNCF  LIVERMORE  FAIL  TOKARZ):  Fa  Jolla  (  A  (Acq.  Dept.  Fib.  (  -075A) 
UNIVERSITY  OF  DELAWARE  Newark.  DF  (Dept  of  Civil  engineering.  Chesson) 

UNIVERSITY  OF  HAWAII  HONOLULU.  III  (SCIENCE  AND  TECH  D1V .) 

UNIVERSITY  OF  ILLINOIS  URBANA.  IF  (I.IBRARY):  URBANA.  IF  (NFWMARK) 

UNIVERSITY  OF  MASSACHUSEITS  (lleronemus).  Amherst  MA  CE  Dept 
UNIVERSITY  OF  NEBRASKAUNCOI.N  Lincoln.  NE  (Ross  lee  Shell  Proj.) 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sei  (Library).  Port  Arkansas  TX 
UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  IX  (THOMPSON) 

UNIVERSITY  OF  WASHINGTON  (FH-10.  D.  Carlson)  Seattle.  WA:  Dept  of  Civil  Engr  (Dr.  Mattock). 

Seattle  WA;  Seattle  WA  (E.  Finger).  Seattle.  W'A  Transportation.  Construction  &  Gcom.  Div 
UNIVERSI  TY  OF  WISCONSIN  Milwaukee  Wl  (Or  of  Great  Fakes  Studies) 

VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA  (library) 

ARVID  GRANT  OLYMPIA.  WA 

Ail. ANTIC  RICHFIELD  CO.  DAl.I.AS.  TX  (SMITH) 

BAGGS  ASSOC.  Beaufort.  SC 

BECHTEL  CORP.  SAN  FRANCISCO.  (  A  (PHELPS) 

BRITISH  EMBASSY  Sei.  &  Tech.  Dept.  (J  McAulcy).  Washington  DC 
BROWN  &  CALDWEFF  E  M  Saunders  Walnut  Creek.  CA 
BROWN  &  ROOT  Houston  TX  (D  Ward) 

CANADA  Nova  Scotia  Rsch  Found.  Corp.  Dartmouth.  Nova  Scotia:  Surveyor.  Nenninger  &  Chenevert  Inc.. 

Montreal;  Trans-Mnl  Oil  Pipe  Lone  Corp.  Vancouver.  BC  Canada 
CHI  MED  CORP  Fake  Zurich  IL  (Dearborn  Chem.  Div  Fib.) 

COLUMBIA  GULF  TRANSMISSION  CO  HOUSTON.  TX  (ENG.  LIB.) 

DESIGN  SERVICES  Beck.  Ventura.  CA 
DILLINGHAM  PRECAST  F  McHale.  Honolulu  HI 
DIXIE  DIVING  CENTER  Decatur.  GA 
DURFACH.  O'NEAL.  JENKINS  &  ASSOC.  Columbia  SC 
FORD.  BACON  &  DAVIS.  INC.  New  York  (Library) 

GRUMMAN  AEROSPACE  CORP.  Bethpage  NY  (lech.  Info.  C'tr) 

HONEYWELL.  INC  Minneapolis  MN  (Residential  Engr  Lib.) 

MATRECON  Oakland.  CA  (Haxo) 

MC  DONNEL  AIRCRAFT  CO.  Dept  SOI  (RTF  Fayman).  St  Louis  MO 
MEDERMOTT  &  CO.  Diving  Division.  Harvey.  LA 
MIDLAND-ROSS  C'ORP  TOLEDO.  OH  (RINKER) 

NEWPORT  NEWS  SHIPBLDG  &  DRYDOCK  CO.  Newport  News  VA  (Tech  Lib.) 

PACIFIC  MARINE  TECHNOLOGY  Duvall.  WA  (Wagner) 

PORTLAND  CEMENT  ASSOC.  SKOKIE.  IF  (CORLEY.  SKOKIE.  IL  (KLIEGER);  Skokie  IL  (Rsch  &  Dev 
Lab.  Lib.) 

RAYMOND  INTERNATIONAL  INC.  E  Colic  Soil  Tech  Dept.  Pennsauken.  NJ 
SANDIA  LABORATORIES  Albuquerque.  NM  (Vortman):  Library  Div..  Livermore  CA 
SCHUPACK  ASSOC  SO  NORWALK.  CT  (SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEAD  CITY.  NC  (LIBRARY) 

SEATECH  CORP  MIAMI.  FL  (PERONI) 

SHELL  DEVELOPMENT  CO.  Houston  TX  (C.  Sellars  Jr.) 

SWEDEN  Cement  &  Concrete  Research  Inst..  Stockholm;  VBB  (Library).  Stockholm 
TEXTRON  INC  BUFFALO.  NY  (RESEARCH  CENTER  LIB  ) 

TRW  SYSTEMS  REDONDO  BEACH,  CA  (DAI) 

UNITED  KINGDOM  Cement  &  Concrete  Assoc  Wcxham  Springs.  Slough  Bucks:  Library.  Bristol:  R.  Browne. 
Southall.  Middlesex:  Taylor.  Woodrow  Constr  (0I4P).  Southall.  Middlesex;  Taylor.  Woodrow  Constr 
(Smith).  Southall,  Middlesex;  Univ.  of  Bristol  (R.  Morgan).  Bristol 
UNITED  TECHNOLOGIES  Windsor  Locks  CT  (Hamilton  Std  Div..  Library) 

WARD.  WOLSTENHOLD  ARCHITECTS  Sacramento,  CA 

WESTINGHOUSE  ELECTRIC  CORP  Annapolis  MD  (Oceanic  Div  Lib.  Brvan):  Library.  Pittsburgh  PA 
WM  CLAPP  LABS  •  BATTEFLE  DUXBURY.  MA  (LIBRARY) 

BRAHTZ  La  Jolla.  CA 

BRYANT  ROSE  Johnson  Div.  UOP.  Glendora  CA 
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ERVIN.  DOUG  Belmont.  CA 
KETRON.  BOB  Ft  Worth,  TX 
KRUZ1C.  T  P.  Silver  Spring.  MD 
CAPT  MURPHY  Sunnyvale.  CA 
T.W.  MERMEl.  Washington  DC 


